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ABSTRACT
Objective: The objective of this study is to evaluate the mechanical properties of different commercial brands of mini‑implants by subjecting 
them to loads perpendicular to their long axis.

Materials and Methods: A total of 120 mini‑implants were divided into six groups (n = 20): Group 1A ‑ 20 stainless steel (SS) 
mini‑implants (SK Orthodontics, India), Group 1B ‑ 20 SS mini‑implants (BK Orthodontics, India), Group 1C ‑ 20 SS mini‑implants (JSV 
Surgicals, India), Group 2A ‑ 20 titanium mini‑implants (Koden surgical, India), Group 2B ‑ 20 Titanium mini‑implants (JSV Orthodontics, India), 
and Group 2C ‑ 20 titanium mini‑implants (Dentos, Korea) were used. The mini‑implants were placed perpendicularly into 12 acrylic blocks and 
were submitted to mechanical tests using a standard universal testing machine (ACME, India. Model no. UNIT TEST‑10). The different forces 
required to fracture mini‑implants after undergoing 0.5, 1, 1.5, and 2 mm deformation was assessed.

Results: Mini‑implants in Group 2C (Titanium Dentos Korea) required the greatest force to deform and fracture, whereas Group 1C 
(JSV Surgicals, India) had the lowest fracture force. Statistically significant differences were seen when an intragroup comparison was done. 
Statistically significant differences were seen in the comparison between the SS and titanium groups (P < 0.05). The SS group required lower 
forces to deform and fracture as compared to the titanium group.

Conclusions: SS mini‑implants exhibited a high degree of resistance to deform and fracture, but they were inferior compared with titanium 
mini‑implants. Titanium mini‑implants required higher force values to deform and fracture.

Keywords: Deformation, mini‑implants, mini‑screws, stress

INTRODUCTION

Anchorage plays a paramount role in orthodontic 
treatment planning.[1] For years, orthodontic treatment 
has been limited in scope due to the range of tooth 
movements possible.[2] Even within the limitations 
imposed as a result of this, anchorage was another issue 
that had to be tackled. The use of headgears, transpalatal 
arch, and Nance palatal button to augment anchorage 
had its own set of problems. These severe restrictions 
led to the excessive use of functional appliances and 
orthognathic surgical procedures.[3] The introduction of 

Evaluation and comparison of mechanical properties 
between commercially available mini-implants: An in vitro 
study

Access this article online

Website:

www.orthodrehab.org

Quick Response Code

DOI:

10.4103/ijor.ijor_18_21

How to cite this article: Singh A, Rathore M, Govil S, Umale V, 
Kulshrestha R, Singh RV. Evaluation and comparison of mechanical 
properties between commercially available mini‑implants: An in vitro study. 
Int J Orthod Rehabil 2021;12:98‑102.

This is an open access journal, and articles are distributed under the terms of the Creative 
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non‑commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Received: 04-Sep-2021   Revised: 27-Sep-2021 
Accepted: 29-Sep-2021   Published: 12-Nov-2021

[Downloaded free from http://www.orthodrehab.org on Friday, January 28, 2022, IP: 250.191.95.143]



99

Singh, et al.: Comparison of mechanical properties of mini-implants

International Journal of Orthodontic Rehabilitation / Volume 12 / Issue 3 / July-September 2021

mini‑implants and miniplates so forth has brought about 
a paradigm shift in the field of orthodontics.[4] Many cases 
which need maximum anchorage for the retraction or need 
intrusion/extrusion of the anterior and posterior teeth can 
be treated now by fixed appliances well within reasonable 
limits with the help of mini‑implants. Mini‑implants have 
expanded treatment possibilities because of less patient 
compliance, thus reducing unwanted tooth movements 
and facilitating previously unattainable or difficult tooth 
movements.[5]

Miniscrew implants have several advantages such as relatively 
simple implantation and removal procedures, reduced need 
for patient cooperation, fewer side effects on teeth, and 
reduced costs over the conventional methods of skeletal 
anchorage.[6] Moreover, their small diameter allows placement 
into several areas of the maxilla and the mandible that were 
previously unavailable, such as the alveolar bone between 
the roots of adjacent teeth. Much of orthodontic treatment 
planning and biomechanics has been changed due to the 
innovative features of miniscrew.[7] As the use of mini‑implants 
became more popular, there has been an amplified focus on 
the factors that contribute to their success. Failure rates are 
also reported in the literature to range from 6% to as high as 
30% as per Schätzle et al.[8]

The fracture of mini‑implant during placement or removal is 
one such reported complication linked with mini‑implants. 
Human and animal studies have reported fracture rates of 
approximately 4%–5%, but only a few studies have reported 
how often mini‑implants fracture in the clinical setting.[9] 
However, recent surveys exploring orthodontist’s experience 
with mini‑implant placement have found that nearly 10%–20% 
of clinicians have experienced a fracture of mini‑implant 
during placement, surpassing even the rate of root damage 
reported at 4%–6%.[10]

As there is a reduction in mini‑implant size, a wider range 
of insertion sites are available which helps to mitigate the 
risk of root injury. The disadvantage of the reduced size 
entails a decrease in a miniscrew flexural strength. As a 
result, the maximum force required to permanently deform 

and fracture mini‑implants is also diminished.[11] There have 
been many debates in literature which have suggested that 
one material is better than the other, SS implants have better 
strength and titanium implants are more biocompatible, but 
concrete evidence is lacking. To fill this void in the literature, 
the present study is designed to assess the deformation and 
fracture of orthodontic mini‑implant of different commercial 
brands by submitting them to loads perpendicularly applied 
along their long axis.

MATERIALS AND METHODS

The study samples comprised 120 self‑drilling mini‑implants 
(60 titanium and 60 stainless steel [SS]) (size ‑ 1.5 × 8 mm) 
made by different manufacturers. Sample calculation was 
done using power analysis. One hundred and twenty 
implants were found suited for this study. They were 
further divided into six groups based on their material 
and manufacturer [Table 1]. They were then placed in 12 
acrylic blocks (2 cm × 4 cm × 17 cm) with guide holes 
of 0.5 mm [Figure 1]. The diameter with a depth of 3 and 
10 mm following requirements of the American Society of 
Testing and Material Standards were done. Insertion was 
made perpendicular to acrylic blocks, 10 micro‑implants 
for each block. The micro‑implants were manually inserted 
by a single operator in a clockwise direction. The heads 
of mini‑implants were engaged with their respective 

Table 1: Description of mini-screws used in the study

Groups Commercial brands Diameter (mm) Length (mm) Type Material
SS - 1A SK surgicals 1.5 8 Tapered Stainless steel
SS - 1B BK surgicals 1.5 8 Tapered Stainless steel
SS - 1C JSV orthodontics 1.5 8 Tapered Stainless steel
Titanium 2A Koden 1.5 8 Tapered Titanium
Titanium 2B JSV orthodontics 1.5 8 Tapered Titanium
Titanium 2C Dentos 1.5 8 Tapered Titanium
SS: Stainless steel

Figure 1: Acrylic blocks used in the study
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and specific manufacture provided drivers. Immediately 
following their insertion, all the specimens were tested 
by a universal Instron testing machine (computerized 
software‑based) ACME engineers India Unittest 10, 
speed 0.5 mm/min. The system accuracy of the machine 
was ±1%. The force was applied to the screw heads to 
deform the screw by 0.5, 1.0, 1.5, and 2.0 mm [Figure 2]. 
After micro‑implants had been deformed by 2 mm, the 
same speed of 0.5 mm/min was maintained until fracture 
occurred, and so this maximum value was noted.

Statistical analysis
Statistical analysis was conducted including mean and 
standard deviation, P values (intragroup and intergroup) were 
obtained using a one‑way analysis of variance (ANOVA) along 
with post hoc Bonferroni’s correction for multiple groups. The 
deformation and fracture point values were calculated in 
Newton (N) and substituted to ANOVA and post hoc test. Mean 
and SD of deformation and fracture points of six different 
groups were compared.

RESULTS

The results showed deformation in all micro‑implant 
groups. Force levels seen at various deflections are shown in 
Table 2 and Figure 3. The intragroup comparison revealed a 
statistically highly significant difference between SS Group 1A 
and 1C [P < 0.001; Table 3]. In the titanium group, a 
statistically significant difference was only observed between 
Group 2A versus Group 2C [P < 0.001; Table 3]. When 
intergroup comparison was done a statistically significant 
difference was seen among all the groups [P < 0.001; Table 4].

DISCUSSION

In recent years, the use of mini‑implants to establish anchorage 
during orthodontic treatment has become a popular practice. 
These mini‑implants are devices that are placed in the maxillary 
and mandibular bones at specified sites, thereby resisting loss of 
anchorage.[5] Numerous factors are responsible for the success 
of these mini‑implants during treatment. The most popular type 
among orthodontists is the self‑drilling type which alleviates 
any requirement of the preplacement osteotomy. As good as 
the results of these implants are, there are some drawbacks 
too. The most common of this being fracture of the implant 
during placing or removing, which have been recorded to be 
seen in about 4‑5% cases. Breakage during use in orthodontic 
treatment, however, seems to be uncommon. Another common 
complication that orthodontists face is damage to the root. This 
has been seen in about 4‑6% of the cases.[1]

The application of perpendicular forces on these mini‑implants 
is common during treatment. It is therefore important to 

Table 2: Forces levels at various deflections

Miniscrews group Force (n) at various deflections (mm), mean±SD
0.5 1.0 1.5 2.0 Fracture

SS 1A (n=20) 46.2±4.7 57.5±5.4 68.1±5.5 76.0±5.9 102.0±9.4
SS 1B (n=20) 51.6±5.6 64.6±6.0 75.9±4.4 84.4±6.4 98.72±13.6
SS 1C (n=20) 54.5±4.3 66.9±9.0 77.2±9.5 84.5±11.1 96.28±14.3
Titanium 2A (n=20) 55.5±4.2 67.5±4.9 77.1±4.5 89.3±5.0 119.2±13.3
Titanium 2B (n=20) 58.8±3.0 71.2±5.5 81.6±5.4 91.3±5.2 129.4±13.0
Titanium 2C (n=20) 62.4±3.6 74.1±3.9 86.1±5.9 97.9±8.2 136.7±14.5
SD: Standard deviation, SS: Stainless steel

Table 3: Intra group comparison

P (intra group) At 0.5 mm At 1 mm At 1.5 mm At 2 mm At fracture
SS A versus SS B 0.002** 0.005** 0.002** 0.006** 0.014*
SS A versus SS C 0.001*** 0.001*** 0.001*** 0.006** 0.001***
SS B versus SS C 0.581 (NS) 0.999 (NS) 0.999 (NS) 0.999 (NS) 0.999 (NS)
Titanium A versus Titanium B 0.244 (NS) 0.901 (NS) 0.321 (NS) 0.999 (NS) 0.999 (NS)
Titanium A versus Titanium C 0.001*** 0.012* 0.001*** 0.004** 0.005**
Titanium B versus Titanium C 0.141 (NS) 0.999 (NS) 0.332 (NS) 0.066 (NS) 0.581 (NS)
*Significant, **Highly significant, ***Very highly significant. NS: Nonsignificant, SS: Stainless steel

Figure 2: Direction of force application
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assess the amount of deformation seen when applying the said 
force. In this study, six different brands of mini‑implants were 
chosen to assess the extent of deformation. The comparison 
was between SS and titanium implants. Under all levels of 
deflections, the implant showing greater force levels was the 
titanium one.[8,9] The removal torque of SS and titanium alloy 
implants were compared using a scanning electron microscope 
in a study carried out by Bollero et al.[12] Their results displayed 
that the stainless‑steel implants showed fewer torque values 
than the titanium alloy implants. In a study contrary to this 
one, Wilmes et al.[13] determined that it was not the material 
but the technique of insertion, design of threads, and the 
length and the diameter of the implants are the factors that are 
responsible for the success and stability of the mini‑implant.

In this study, 96–102 N was the mean fracture values for 
1.5 mm diameter SS implants while those for the same 
diameter titanium mini‑implants were 119–136 N. For a mean 
deflection rate of 1 mm deflection, the mean bending values 
were 46–54 N in the case of SS and 55–62 N for titanium 
implants. At a deflection of 2 mm, the values were 76–84 N 
and 89–97 N for the SS and titanium groups, respectively. 
All the values were higher than the values reported during 
conventional clinical applications.[14] Pan et al.[15] concluded 
that both the SS as well as the titanium implants were suitable 
for clinical use in orthodontic anchorage preservation.

The present study showed that there was a statistically 
significant difference in the fracture and bending loads of 
both groups, given their difference in modulus of elasticity (SS: 

~193 GPa and Grade 5 titanium ~120 GPa). This could be 
attributed to the difference in the manufacturing protocol of 
each company. A study by Carano et al.[16] concluded that the 
strength of SS mini‑implants was higher, thereby proving them 
to be more successful as compared to titanium mini‑screws. 
This was in contradiction to the results of the present study.

Lietz et al.[17] carried out a study wherein it was determined 
that the stainless‑steel implants displayed a higher resistance 
to moments when compared with the material of the other 
group. However, given the lack of SS to osseointegrate, they 
were speculated to have lower success rates. The correlation 
of the alloy and the chance of success has not yet been 
studied. Matheus et al.[1] studied different brands of titanium 
implants and compared their deformation and fracture 
when subjected to perpendicular loads along their length. 
They stated that the flexural strength of a mini‑implant is 
dependent on its shape. In the present study, all the implants 
used were of the same shape and dimension and none of 
the implants were those retrieved after treatment. However, 
sometimes, in clinical practice, materials are retrieved, 
disinfected, and reused. This may affect their strength.

Six routinely used self‑drilling orthodontic implants were 
compared by Angie Smith et al.[5] for their fracture torque 
insertion. Their study displayed a low correlation between the 
diameter of the implant and the fracture resistance. In situations 
of high‑density bone where predrilling is not done, one must be 
careful to keep the torque of the mini implant as low as possible 
during insertion to avoid fracture of the implant.

Table 4: Inter group comparison

P (inter group) At 0.5 mm At 1 mm At 1.5 mm At 2 mm At fracture
SS 1A versus Titanium 2A 0.001*** 0.001*** 0.001*** 0.001*** 0.001***
SS 1B versus Titanium 2B 0.001*** 0.011* 0.049* 0.050* 0.033*
SS 1C versus Titanium 2C 0.001*** 0.004** 0.001*** 0.001*** 0.001***
*Significant, **Highly significant, ***Very highly significant. SS: Stainless steel

Figure 3: Mean force deflection
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The present study showed that the material of the mini 
implant, as well as the level of force, both were contributing 
factors in the fracture of the implant. Nowadays, there may 
not be enough evidence of differences in the mechanical 
properties of different orthodontic mini‑screws made of 
SS or titanium alloys. This absence of evidence is not the 
evidence of absence and future studies on the topic will 
always be required.[18]

CONCLUSION

• Among the SS group, the highest deformation and 
fracture resistance values were obtained for Group 1B (BK 
Surgicals) and the lowest fracture resistance values were 
obtained for Group 1C (JSV orthodontics)

•	 Among the Titanium group, the highest deformation 
and fracture resistance values were obtained for 
Group 2C (Dentos) and fracture resistance values were 
obtained for Group 2A (Koden Surgicals)

•	 Titanium mini‑implants required higher force values to 
deform and fracture

•	 From this study, it can be recommended that titanium 
implants have better mechanical properties than SS 
implants.
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